To mitigate the deleterious effects of temperature increases on cellular organization and 25 proteotoxicity, organisms have developed mechanisms to respond to heat stress. In eukaryotes, 26 HSF1 is the master regulator of the heat shock transcriptional response, but the heat shock 27 response pathway is not yet fully understood. From a forward genetic screen for suppressors of 28 heat shock induced gene expression in C. elegans, we identified a new allele of hsf-1 that alters 29 its DNA-binding domain, and three additional alleles of sup-45, a previously uncharacterized 30 genetic locus. We identified sup-45 as one of the two hitherto unknown C. elegans orthologs of 31 the human AF4/FMR2 family proteins, which are involved in regulation of transcriptional 32 elongation rate. We thus renamed sup-45 as affl-2 (AF4/FMR2-Like). affl-2 mutants are egg-33 laying defective and dumpy, but worms lacking its sole paralog (affl-1) appear wild-type. AFFL-34 2 is a broadly expressed nuclear protein, and nuclear localization of AFFL-2 is necessary for its 35 role in heat shock response. affl-2 and its paralog are not essential for proper HSF-1 expression 36 and localization after heat shock, which suggests that affl-2 may function downstream or parallel 37 of hsf-1. Our characterization of affl-2 provides insights into the complex processes of 38 transcriptional elongation and regulating heat shock induced gene expression to protect against 39 heat stress. 40 41 42
Introduction 43
Heat is a universal source of stress in nature, which has detrimental effects including 44 disrupting cellular organization and upsetting proteostasis (Morimoto 1998) . One way organisms 45 restore homeostasis after heat stress is through rapid transcriptional changes to upregulate genes 46 that assist with combating damaging effects of heat (Morimoto 1998; Hajdu-Cronin et al. 2004 ; 47 Richter et al. 2010 ). In eukaryotes, heat shock induced transcription is initiated when 48 transcription factors known as heat shock factors (HSFs) are activated and bind to heat shock 49 elements (HSEs) in promoters (Morimoto 1998) , and HSF1 has been identified as the primary 50 regulator of heat shock induced transcription in eukaryotes (Åkerfelt et al. 2010; Richter et al. 51 2010). The current model for transcriptional control of heat shock response by HSF1 is as 52 follows: under normal conditions chaperones sequester HSF1 and upon heat stress the 53 chaperones disassociate with HSF1 so HSF1 is free to upregulate other genes (Richter et al. 54 2010; Voellmy and Boellmann 2007) . However, the complete regulatory system that is 55 responsible for the precise transcriptional control of heat shock response is not yet fully 56 understood (Richter et al. 2010) . 57 are dumpy, egg-laying defective, and some have protruding intestines from their vulvas. affl-2 is 87 not necessary for the proper localization and expression of HSF-1 pre or post heat shock, 88
suggesting that affl-2 may function downstream of hsf-1. Our identification and characterization 89 of affl-2 furthers our understanding of heat shock response induced transcriptional regulation in 90 C. elegans and validates the power of C. elegans for genetic analysis of general transcriptional 91 control. 92 C. elegans were grown using the methods described in (Brenner 1974) . Strains were 96 maintained on NGM agar plates at room temperature (20 °C) and fed OP50, a slow-growing 97 strain of Escherichia coli. A list of strains used in this study can be found in Supplementary 98 Experimental Procedures. 99
Genomic Editing 100
We made affl-1 mutants by inserting the STOP-IN cassette in the 5' end of the coding 101 sequence of affl-1 using CRISPR/Cas9 with a co-conversion marker (Wang et al. 2018 ). We 102 injected N2 worms to create affl-1 (sy1202) single mutants, and we injected affl-2(sy975) worms 103 to create affl-2(sy975) affl-1(sy1220) double mutants. sy1202 and sy1220 had the same molecular 104 change in the affl-1 gene. The sequence change is a 43bp insertion with 3-frame stop codon and 105 is near the 5' end of the gene Y55B1BR.1/affl-1: 106 5' flanking seq: CCGTACCCGTAGAATGCTTGAAGAAATGGCCGGCC 107 Insertion: GGGAAGTTTGTCCAGAGCAGAGGTGACTAAGTGATAA 108 3' flanking seq: TCGTGGGAACTAAACCATTGAGCCAGCTTCCTCGAAG 109 110
Primers for genotyping and sequencing can be found in the Supplementary Experimental 111 plate outside the OP50 lawn and left them to recover for at least 30 minutes before plating the P0 141 worms. 142
To screen a synchronized F2 population, we treated the F1 adults with alkaline 143 hypochlorite (bleach) treatment to isolate the eggs of the F2 generation (Protocol B from Porta-144 de-la-Riva et al. 2012). After bleaching treatment, we immediately plated the F2 generation 145 eggs. These steps ensured that all of our F2 animals reached adulthood at roughly the same time. 146
We performed the lin-3c overexpression assay as described above on adult F2 worms. 147
We isolated worms who did not exhibit pumping quiescence onto separate plates, and we 148 screened their progeny (F3 generation) to ensure that the phenotype was stable. Mutants isolated 149 from different P 0 plates were deemed independent. 150
Complementation Testing with hsf-1 and affl-2 Mutants 151
To identify hsf-1 and affl-2 mutants, we performed complementation testing with hsf-152 1(sy441), affl-2(sy509), and affl-2(sy978) mutants. Note that affl-2 was originally named sup-45. 153
hsf-1(sy441), affl-2(sy509), or affl-2(sy978) hermaphrodites were crossed with syIs197 males. 154
We crossed the resultant male cross progeny into suppressors, and we performed the lin-3c 155 overexpression assay on F1 cross progeny of the cross to assay complementation. 156 SNP Mapping PS7421 and we sequenced PS8082 (syIs231 II; affl-2 (sy975) III ) in a N2 background.We 164 analyzed our sequencing results using MiModD mapping software to identify putative mutations 165 (Maier et al. 2014 Proteomes using the phmmer algorithm with the following settings: 171
--popen 0.02 --seqdb uniprotrefprot 173 174
We used the MUSCLE alignment tool with the default settings to create multiple 175 sequence alignments (Edgar 2004). To determine the location of the predicted NLSs we used the 176 cNLS mapper with a cut-off score of 0.5 and the option to search for bipartite NLSs with a long 177 linker within terminal 60-amino acid regions (Kosugi et al. 2008 (Kosugi et al. , 2009a . We checked that 178 these predictions were consistent with PSORT and NucPred. We used IUPred2A long disorder 179 (Dosztányi et al. 2005; Dosztanyi et al. 2018) to predict disordered regions of AFFL-2, AFFL-1, 180 AFF1, and AFF4. We used ANCHOR2 software to predict the presence of the disordered protein 181 binding regions of AFFL-2, AFFL-1, AFF1, and AFF4 (Dosztányi et al. 2009 were used for imaging, because their lower fat content made it easier to detect fluorescent 201 proteins. Worms were anesthetized in 3 mM levamisole and mounted on 2 % agarose pads. Z-202 stacks were taken at 63x and maximum-intensity projections were generated using Fiji/ImageJ 203 software (Schindelin et al. 2012 ). Z-stacks were used for images of HSF-1::GFP localization, 204 and when indicated for AFFL-2::GFP localization. 205
Our method to image HSF-1::GFP was adapted from Morton and Lamitina (2013) . To 206 image HSF-1::GFP after heat shock, worms were mounted on slides and incubated in a preheated 207 PCR machine at 35 °C for five minutes. The lid of the PCR machine was left open, for it did not 208 reach 35 °C. Instead, slides were placed in a foil packet on top of the PCR wells. We found that a five-minute heat shock was long enough to cause worms to form granules consistently and 210 longer incubation caused the plates to dry out. Worms were imaged immediately after heat 211 shock. Non heat shock controls were left on the benchtop (20 °C) for five minutes prior to 212 imaging. In our image analysis, we selected nuclei manually, and chosen nuclei were segmented 213 automatically. We detected granules in chosen nuclei automatically using the blob detector 214 function from scikit-image (Walt et al. 2014). We used the mean intensity of the segmented 215 nuclei and granules after background subtraction to determine HSF-1::GFP nuclear intensity. 216
To image AFFL-2::GFP after heat shock, worms were heat shocked following the same 217 protocol as we used for the lin-3c overexpression assay. We choose to use this protocol rather 218 than the one adapted from (Morton and Lamitina 2013) because we wanted to recreate the 219 conditions of the worms were in during the genetic screen. After the heat shock worms were 220 immediately mounted onto slides and imaged. 221
Data Analysis 222
Unless otherwise specified, data analysis was carried out using Python 3.7 with standard 223 scientific libraries (Jones et al. 2001 ) and version 0.041 of the bebi103 package (Bois 2018 
is the number of worms in each experiment, ݊ is the number pumping, and ߶ is the 231 probability of pumping. We used Stan to sample from the posterior distribution and find 232 confience intervals for the parameter estimates (Stan Development Team, 2018). 233
Quantification of HSF-1 Expression and Nuclear Granule Formation 234
We used non-parametric bootstrapping to estimate the mean of HSF-1 nuclear intensity 235 before heat shock, HSF-1 granule intensity after heat shock, and estimate of the mean of the 236 number of granules per nuclei formed in each strain. We used the permutation test to compute all 237 reported p-values, for we did not have a good parametric model to explain the data generating 238 processes. 239
240
Results 241
A genetic screen of pumping quiescence suppression yields new alleles involved in heat 242
shock transcription response 243
To identify genes involved in heat shock response, we conducted a forward genetic 244 screen to search for suppressors of pumping quiescence caused through Phsp-16.41 (promoter of 245 hsp-16.41) driven lin-3 ( Fig 1A) . When overexpressed in adult animals, lin-3, encoding the C. 246 elegans ortholog of the epidermal growth factor (EGF), causes a reversible state of quiescence 247 that is characterized by cessation of feeding, locomotion, defecation, and decreased 248 responsiveness (Van Buskirk and Sternberg 2007). hsp-16.41's expression is induced by heat 249 shock; therefore, placing lin-3 under the control of Phsp-16.41 gives us temporal control of 250 quiescence. We screened for animals which are defective in downstream steps of quiescence or 251 do not express the transgene properly by searching for pumping animals after heat shock ( Fig  252   1A ). We expected that some suppressors would be defective in heat shock induced transcription and was mapped to the chromosome I (data not shown). The gene hsf-1 is also located on 255 chromosome I, and it was identified from a similar screen using a transgene with a gain-of-256 function goa-1 driven by the promoter of hsp-16.2, another heat shock response gene similar to 257 hsp-16.41 (Hadju-Cronin et. al, 2004) . We found that sy1198 and hsf-1(sy441) failed to 258 complement for suppression of quiescence, which indicated that sy1198 is an allele of hsf-1. By 259 Sanger sequencing, we found sy1198 is a T to A mutation in the hsf-1 gene, which leads to a 260 Leucine to Glutamine substitution (L93Q) in the predicted DNA binding domain of HSF-1 261 protein (Table 1, 45 mutants that are defective in heat shock induced transgene expression, but they were unable to 270 clone the gene. We found that our Y55B1BR.2 mutants failed to complement sup-45(sy509), 271 which confirmed that the suppressors are alleles of sup-45. We determined the molecular 272 changes of our three sup-45 alleles and two previously described sup-45 using Sanger 273 sequencing, and indeed all had mutations in Y55B1BR.2 (Table 1) . For the rest of our 274 experiments, we used sy975, which contains a nonsense mutation at residue 456 ( Fig 1C- 2016. AFF1 and AFF4 both consist of an intrinsically disordered N-terminus that interacts with 287 other members of the SEC and a C-terminal homology domain (CHD) that is conserved among 288 members of the AF4/FMR2 family (Chen and Cramer 2019). AFF4's binding sites to SEC 289 partners have been studied and are diagramed in Fig 2B. Similarly, AFFL-2 is also predicted to 290 have disordered residues, most of which are in its N-terminus (Fig 2A) . Disordered proteins 291 sometimes have protein binding domains that are disordered in isolation but become structured 292 upon binding (Dosztányi et al. 2009 ), and AFFL-2 has three such predicted disordered protein 293 binding regions in its N-terminus (Fig 2A) . 294
Multiple Sequence Alignment of H. sapiens AFF1and AFF4 along with C. elegans 295 AFFL-2 and AFFL-1 reveals that most of the similarity between the four proteins is in the 296 conserved C-terminal Homology Domain (CHD) of the AF4/FMR2 family members ( Fig 2C, . We also noticed that 307 some affl-2 mutants have their intestines protruding from their vulvas ( Fig 1E) . We did not 308 observe such hernias in either hsf-1(sy441) or hsf-1(sy1198) worms. 309
We did not find any affl-1-the paralog of affl-2-mutants in our screen, so we made a 310 null mutant of affl-1 to see if it is also necessary for heat shock induced gene expression. affl-1 311 mutants appear wild-type and do not have any of the morphological phenotypes characteristic of 312 affl-2 mutants ( Fig 1E) . We also made affl-2(sy975) affl-1(sy1220) double-mutant animals, 313 which we found are Dpy, Egl, and have herniated intestines. We did not notice any obvious 314 defects in the double mutants that are not present in affl-2(sy975) single mutants ( Fig 1E) . 315 affl-2 has been identified in two independent forward genetic screens using different 316 same regulatory sequence and are both induced by heat shock (Jones et al. 1986 ), we believe that 320 hsp-16.41 transcription is also likely eliminated in hsf-1 and affl-2 mutants. Thus, we decided to 321 use heat shock inducible pumping quiescence, due to expression of Phsp-16.41, driven lin-3 as a readout for hsp-16.41 expression. We estimated ߶ , the probability of a given worm pumping 323 after heat shock, to see whether the hsp-16.41 promoter is active under heat shock conditions in 324 affl-2, hsf-1, affl-1, and affl-2 affl-1 mutants ( Fig 1F) . We also ensured that all mutants pump at 325 wild type levels prior to heat shock ( Fig 1F) . The estimates of 2(sy975) affl-1(sy1220) were all close to one, which indicates that these mutants were not 330 expressing the lin-3c transgene after heat shock. These results confirmed that hsf-1 and affl-2, but 331 not affl-1, are necessary for heat shock induced hsp-16.41 expression. 332
333

AFFL-2 is a broadly expressed nuclear protein 334
We cloned the first 3 kb of sequence upstream from affl-2's start codon as affl-2's 5' 335 regulatory region and promoter. We used this sequence to create a cGAL driver (Wang et al. 336 2017), which we crossed with a GFP::H2B effector to create a transcriptional reporter for affl-2. 337 GFP was visible in all tissues in worms of all stages, which indicates that affl-2 is ubiquitously 338 expressed ( Fig 3A) . To observe the subcellular localization of AFFL-2, we used our cloned affl-2 339 promoter to drive AFFL-2 cDNA::GFP. affl-2(sy975) mutants with the transgene appear wild-340 type and are able to express the hsp-16.41 promoter driven lin-3c transgene ( Fig 3E) . Therefore, 341
we believe that our fusion protein is functional, and our cloned promoter for affl-2 reflects its 342 endogenous expression pattern. AFFL-2::GFP is exclusively located in the nucleus prior to heat 343 shock, and we do not see any noticeable difference in AFFL-2::GFP localization or intensity transcription despite also being a homolog of AFF1 and AFF4 ( Fig 1E) . Additionally, our 347
Multiple Sequence Alignment suggests that AFFL1 shares little similarity with the first 135 348 amino acids of AFFL2, and AFFL-1 is not predicted to have any NLS (Fig 2, see Methods) . We 349 thus decided to investigate the role of AFFL-2's N-terminus, which contains its predicted NLSs 350 and the majority of its predicted disordered residues (Fig 1D, 2A) by creating alternative 351 versions of AFFL-2 with modified N termini ( Fig 3C) . First, we created a modified AFFL- transcriptional activation. As a control, we added a similar region but with 10 tyrosines mutated 364 to serines, which was shown to prevent the GAL4 and FUS LC fusion transcriptional activation 365 abilities (Kwon et al. 2013) . 366
We found that in a wild-type background, all of the altered AFFL-2 proteins containing 367 an NLS are observed in the nucleus (Fig 3D) . The modified AFFL-2 lacking the artificial NLS is primarily located in the nucleus, but we saw that some of the protein is present in the cytoplasm ( Fig 3D, Fig S3) . To test whether the nuclear localization of this construct is dependent on the 370 presence of wild type AFFL-2, we introduced the modified AFFL-2 with N-terminal deletion in 371 affl-2(sy975) animals. The localization of AFFL-2::N-terminal Deletion::GFP was similar in 372 both a wild type and affl-2(sy975) background: some animals had it strictly localized to the 373 nucleus while others had it in the cytoplasm as well ( Fig S3) . We did not expect this modified 374 protein to localize to the nucleus, but this result suggests there is an alternative mechanism for its 375 nuclear import. Introducing the modified AFFL-2 with the deletion, but no other alterations, did 376 not rescue any morphological defects of affl-2(sy975) worms ( Fig S4) . However, the constructs 377 with an artificial NLS rescued the morphological defects of affl-2(s975) mutants ( Fig S4) . 378
To determine the extent that the constructs rescued the heat shock induced gene expression 379 defects of affl-2(sy975), we estimated the probability of worms exhibiting pumping quiescence 380 due to heat shock induced Phsp-16.41: lin-3c expression ( Fig 3E) . The estimate of ߶ (the 381 probability of pumping after heat shock) for affl-2(sy975) animals with a wild type copy of 382 AFFL-2::GFP was 0 . .
(estimated mean with lower and upper subscripts denoting lower and 383
upper bounds for estimated 95% confidence interval), which demonstrates that the full AFFL-384 , respectively). Even though the 388 modified AFFL-2 with both predicted NLSs removed can be seen in the nucleus, adding back the 389 artificial NLS significantly increased the performance of AFFL-2. This suggests that exclusive back the low complexity FUS LC did not further increase the performance of the modified 392 AFFL-2, but the modified (Tyrosine to Serine) FUS LC hindered the performance of AFFL-2. It 393 is believed that FUS increases transcriptional activity by enhancing recruitment of RNA 394 polymerase II, for mutants that bind RNA polymerase II better increase transcription (Kwon et 395 al. 2013) , and thus this result suggests that the role of AFFL-2 is not to enhance recruitment of 396 RNA polymerase 397
affl-1 and affl-2 do not significantly influence HSF-1 localization and expression 398
Since hsf-1 is an essential gene, we could not perform traditional epistasis experiments 399 using the null mutants to determine whether, and if so how, affl-2 and hsf-1 genetically interact. 400
Instead, we used an hsf-1 translational reporter to determine if affl-2 and/or affl-2 are necessary 401 for proper localization and expression of HSF-1. C. elegans HSF-1 is a ubiquitously expressed 402 nuclear protein, and HSF-1 will aggregate to form nuclear stress granules after heat shock 403 (Morton and Lamitina 2013). The HSF-1 foci do align with marks of active transcription and are 404 dependent on the HSF1 DNA binding domain, but the putative sites of the foci are still unknown 405 (Morton and Lamitina 2013) . We quantified the formation of granules after heat shock using the 406 Phsf-1::HSF-1::GFP transgene from Morton and Lamitina (2013) (Fig 4) . We also quantified the 407 intensity of the granules after heat shock and the intensity of HSF1::GFP prior to heat shock for 408 all genotypes ( Fig S5) . We found that HSF-1 expression prior to heat shock is similar in all 409 genotypes ( Fig S5a) , which demonstrates that neither affl-2 nor affl-1 are critical for regulating 410 HSF1 expression. Although some differences of means of the number of granules (Fig 4b) and 411 intensity ( Fig S5b) of HSF-1::GFP between genotypes are statistically significant ‫(‬ ൏ 0 . 0 5 ), 412 there is still too much overlap between the different distributions of HSF-1::GFP intensity for 413 these differences to fully explain the highly non-overlapping differences between the quiescence phenotype of the different strains. Surprisingly, affl-1(sy1202) worms have more granules per 415 nucleus after heat shock compared to wild-type worms ‫(‬ ). These results do not explain why affl-2(sy975) 419 worms are unable to express hsp-16.41, for some wild type worms had similar HSF1 granule 420 numbers per nuclei and similar HSF-1::GFP levels. Since HSF-1 localization and expression is 421 not significantly disrupted in affl-2 mutants, we believe that AFFL-2 acts either downstream or 422 parallel to HSF-1 to regulate heat shock induced transcription in C. elegans. This suggests a 423 predicted role of affl-2 in elongation, based on its homology with AF4/FMR2 family members. 424 family members and showed that affl-2 is necessary for heat shock induced transcription. 427
Through a forward genetic screen for suppressors of heat shock induced lin-3 overexpression, we 428 identified one new hsf-1 and three affl-2 alleles. To our knowledge, this is the first isolated viable 429 hsf-1 allele with an altered DNA binding domain. We found that affl-2 mutants are Dpy, Egl, and 430 have herniated intestines, whereas animals lacking a functional affl-1-a homolog of AF4/FMR2 431 family members and the paralog of affl-2-appear wild type. We determined that affl-2 is a 432 ubiquitously expressed nuclear protein, and proper localization is necessary for its role in heat 433 shock induced transcriptional response. 434 affl-2 mutants had been identified in another screen for suppressors of heat shock induced 435 gene expression, and that screen also identified hsf-1 and cyl-1 as regulators of heat shock 436 response (Hajdu-Cronin et al. 2004). As said above, we found an hsf-1 mutant, but we did not 437 recover any cyl-1 mutants. However, Hajdu-Cronin et al. (2004) reported that their cyl-1 mutants 438 did not suppress the effects of a Phsp-16.41 driven transgene, which indicate that cyl-1 is not 439 responsible for hsp-16.41 transcription. Hadju-Cronin's efforts and ours illustrate the power of 440 simple genetic screens for gene expression in C. elegans to find genes responsible for regulation 441 of transcription. 442
Along with conservation in the CHD, we see a partial conservation of AFF4's AF9/ENL, 443 ELL-1/2, and P-TEFb binding sites in the AFFL-2 N terminal sequence ( Fig 2C) . AFFL-2 is 444 predicted computationally to have three candidates for binding sites, but we have not yet verified 445 whether these are real. It is possible that these three sites are sufficient for AFFL-2 to bind to its 446 partners in the SEC, and it is possible that AFFL-2 does not interact with all components of the AFFL-2 similar to AFF4's binding site to P-TEFb, and thus we expected it to be necessary for 449 the AFFL-2's function. Surprisingly, we found that replacing much of the disordered N-terminus 450 of AFFL-2 with an exogenous NLS restores protein function to about 80% of the wild-type 451 control, even though the modified AFFL-2 with its predicted NLSs at the N-terminus removed 452 still partially localizes to the nucleus. It is possible that the C-terminus of AFFL-2 may contain a 453 weak NLS that cannot be predicted by current software which allows AFFL-2 to partially 454 localize to the nucleus at low levels. Addition of an exogenous NLS could be necessary to 455 increase the concentration of nuclear AFFL-2 to improve its functioning, but does not restore 456 AFFL-2 activity to wild-type levels. Our deleted residues removed only one of the candidate 457 binding sites of AFFL-2, and it is possible that the other binding sites and disordered residues 458 can act redundantly to maintain AFFL-2 activity. However, a more thorough biochemical 459 investigation of AFFL-2 is needed to determine the role of different domains of the protein. 460
Despite AFFL-1 being an ortholog of AFF4/AFF1 as well, AFFL-1 is not necessary for 461 heat shock induced transcription and affl-1 mutants appear wild type. AFFL-1 is not predicted to 462 have any Nuclear Localization Signals, which suggests that it may not even be a nuclear protein. 463
Since we do not have a phenotype for affl-1 mutants we have no way to validate any expression 464 pattern or localization obtained using a fusion protein, for we cannot validate that the fusion 465 protein is functional. It is not clear what AFFL-1's role is, and if AFFL-1 has a role in 466 transcription or not. We have not fully investigated affl-1 mutants to see if they have any 467 deficiencies in other processes besides heat shock induced transcription, and affl-1 could play a 468 redundant role with another gene. subcellular localization and expression. While we did find some differences in HSF-1 expression 471 prior to heat shock and HSF-1 granule formation after heat shock, we are not confident that these 472 differences can explain the phenotypes of the various mutants because the distributions of our 473 measurements for different genotypes overlap. This aligns with our hypothesis that affl-2 is 474 necessary for proper elongation in transcription, not initiation, for it suggests that AFFL-2 acts 475 downstream of granule formation. Furthermore, addition of the FUS LC domain does not 476 significantly increase the performance of the modified AFFL-2, which suggests that AFFL-2 is 477 not involved in recruiting RNA polymerase but is acts in a downstream step. However, there are 478 no putative binding sites for the granules and it is unclear what their role in heat shock response 479 is (Morton and Lamitina 2013). 480
As mentioned previously, AFFL-1 and AFFL-2 are homologs of mammalian AFF1 and 481 AFF4, which serve as scaffolds for the super elongation complex (SEC). AFF1 and AFF4 serve 482 as scaffolds in the super elongation complex (SEC), which regulates release from promoter-483 proximal pausing during transcriptional elongation using P-TEFb (He and Zhou 2011; Lu et al. 484 2014; Mück et al. 2016) . AFF4 is responsible for heat shock induced HSP70 expression, which 485 illustrates that its role in heat shock induced gene expression is conserved (Lu et al. 2015) . In C. 486 elegans, the P-TEFb complex has been shown to be necessary for embryonic development and 487 expression of hsp-16.2 (Schulze- Gahmen et al. 2013) . Although affl-2 and affl-1 mutants survive 488 past embryonic development, affl-2 mutants are deficient in heat shock induced gene expression. 489
Future work should investigate whether affl-2 mutants are also deficient in expression of genes 490 involved in embryonic development and whether they have the same defects in Ser2 is possible that affl-2 mutants still have Ser2 phosphorylation, but at lower levels than wild type, 493 which could allow them able to survive through development. 494
Our results demonstrate that the C. elegans ortholog of AF4/FMR2 family members, 495 AFFL-2, is necessary for heat shock induced transcription. Our sequence analysis suggests that 496 AF4/FMR2 homologues are found more widely in nature than previously thought, highlighting 497 their importance. These results combined with previous work on other members of the SEC 498 suggest that C. elegans can be a powerful, multicellular model to understand transcriptional 499 elongation. Further study of C. elegans homologs of human AF4/FMR2 proteins will facilitate 500 our understanding of heat shock response as well as transcriptional elongation in general. 501 502 503 and we thank Jean Badroos, Jasmine S. Revanna, and Minyi Tan for technical assistance. We 506 thank Hillel Schwartz, Jonathan Liu, and members of the Sternberg Lab for insightful 507 discussions. We thank Sarah MacLean and the Sternberg Lab for comments on the manuscript. 508 
